Introduction
============

Patients with dementia are characterized by impairments in memory and other cognitive domains. In addition, they often display fragmentation in their sleep/wake patterns, such that they frequently wake up during the night and frequently fall asleep during the day. In fact, it has been shown that these patients rarely spend a full hour awake during the day or a full hour asleep during the night ([@b15]; [@b21]). Whereas in healthy older adults, sleep/wake patterns follow a regular 24-hour cycle, or circadian rhythm, patients with dementia often show little evidence of rhythmicity. It remains unclear, however, whether these disturbed sleep patterns are indicative of deterioration of the endogenous generation of circadian rhythms, impairment in the homeostatic drive for sleep that usually builds up during wakefulness, other neurological dysfunction, or a combination of factors. To better understand the underlying mechanisms of sleep fragmentation, a number of investigators have measured circadian rhythms in patients with dementia.

There is good reason to expect impairment in circadian rhythms in patients with dementia, particularly those with Alzheimer's disease (AD), as circadian rhythms are generated in the suprachiasmatic nucleus (SCN) and there is often degeneration of the neurons of the SCN in this population ([@b28]). At the cellular level, there is a decrease in the activity of individual neurons within the SCN in patients with AD ([@b14]). [@b10] lesioned the SCN in squirrel monkeys and produced fragmented sleep/wake patterns similar to those seen in dementia. However, rhythms were relatively intact as long as 10% of the SCN neurons were undamaged. Given these results, it would be surprising not to find disturbed circadian rhythms in these patients, but one might expect problems to develop only at later stages of neurodegeneration. Nevertheless, conflicting results regarding the nature of circadian rhythms have been reported.

In studies of core body temperature rhythms, dementia patients were found to have worse ([@b8]; [@b13]), similar ([@b23]; [@b25]), or even better circadian temperature rhythms ([@b30]) when compared with non-demented older adults. Studies that examined melatonin rhythms found greater rhythm disturbances in dementia patients ([@b31]; [@b19]) or no difference between groups ([@b20]).

It can be difficult to gather data on core body temperature or hormonal (such as melatonin) circadian rhythms because of noncompliance with the often invasive data collection techniques. Partly because of these difficulties, several investigators have measured rest/activity rhythms. It would be expected that there might be differences in rest/activity rhythms in dementia patients compared with non-demented older adults, owing not only to the deterioration of the SCN as mentioned above, but also to weaker environmental cues that have been shown to be critical for rhythm entrainment ([@b7]). Studies of rest/activity rhythms in dementia have been more consistent than those of other rhythms, although some discrepancies have arisen. Studies have found impaired rhythmicity (lower amplitude and shifted timing) ([@b34]; [@b24], [@b25]; [@b32]; [@b5]; [@b22]) or no difference ([@b8]; [@b1]; [@b18]) when comparing demented subjects with non-demented older adults.

Several studies of dementia patients have documented low levels of exposure to bright light, the strongest environmental cue for synchronization of circadian rhythms. [@b9] found that community-dwelling elderly with mild AD received, on average, less than 30 minutes of bright light exposure per day. Even lower levels of bright light exposure have been found in those who are institutionalized ([@b4]). In addition, those with the most severe dementia received the lowest levels of light exposure ([@b5]; [@b27]). Other environmental factors that have an effect on circadian rhythms, such as physical activity and regular social interaction, are often deficient in patients with dementia. [@b32] found that severity of rhythm disturbance was related to bright light exposure and activity level. It has been proposed that these environmental deficiencies may be at the heart of circadian rhythm disturbances in dementia, the so-called "environmental hypothesis" ([@b13]).

The results of these studies of circadian rhythms in patients with dementia are difficult to synthesize because of the different, and sometimes conflicting, patterns of results. As reviewed by [@b6], there are several elements of study design and sample selection that may have contributed to these discrepancies. On average, the studies included small sample sizes (just under 20 patients with dementia) and patients at various stages of severity and with different forms of dementia, including AD, multi-infarct dementia, and frontotemporal dementia. [@b25] argue that there may even be subgroups of AD patients who differ in terms of circadian rhythms.

The goal of the present study was to examine the relationship between dementia and patterns of rest/activity rhythms. It was hypothesized that, after controlling for the effects of other factors (light exposure, ambulatory status, sex, age, medical burden, and use of sedating medications), rest/activity rhythms would remain stable for individuals in the early stages of dementia but show increasing deterioration in those whose dementia was progressively more severe.

Methods
=======

The data for these analyses were collected in two separate studies examining treatments for agitation, sleep, and circadian rhythm disruption in institutionalized older adults with dementia residing in San Diego, California between the years 1989 and 2000.

Sample
------

Participants from the two studies were 188 older adults residing in skilled-care nursing homes. Patients were excluded if they had had a prior severe stroke or a history of a primary psychiatric disorder preceding the suspected onset of their dementia. Participants in the second study were also given an ophthalmic examination and were excluded if they suffered from clinically significant visual impairment. Written informed consent was obtained from each subject's legal guardian, and verbal assent was obtained from subjects with sufficient cognitive abilities to respond. Verbal consent was also obtained from each subject's primary care physician. Thirty-eight subjects were dropped from the analyses because of incomplete or missing actigraphy data (n = 12) or incomplete assessments (n = 26). The remaining 150 subjects had a mean age of 84.1 years (SD = 7.8; range 60--100 years) and consisted of 105 women and 45 men. The mean Mini-Mental State Examination (MMSE) score for the sample was 8.5 (SD = 7.6; range 0--27). A histogram of MMSE scores for the sample is shown in [Figure 1](#fig1){ref-type="fig"}. The majority of subjects scored in the severe dementia range. In the first study, subjects needed only to have a diagnosis of dementia in their medical chart. The subjects in the second study were required to have a diagnosis of probable or possible AD based on the NINCDS-ARDA diagnostic criteria ([@b17]) as determined by a board-certified neurologist.

![Distribution of Mini-Mental State Examination (MMSE) scores for all participants (n = 150).](ndt0102-155-01){#fig1}

Measures
--------

The MMSE was administered to participants at the beginning of the study to assess severity of cognitive impairment ([@b11]). This instrument is used to assess various areas of memory and cognitive functioning, with scores ranging from 0 (severe dementia) to 30 (no dementia). The psychometric properties of the MMSE have been reviewed in detail ([@b29]). The MMSE is considered to be a valid assessment instrument because it correlates well with other tests of cognitive functioning, shows longitudinal changes that parallel cognitive decline in dementia, and has moderate to high sensitivity and specificity.

Apparatus
---------

To assess rest/activity rhythms, information was collected with an Actillume monitor (Ambulatory Monitoring, Ardsley, NY, USA). The Actillume is an actigraph, a small device similar to a watch, worn on the dominant wrist. Actigraphy has been well documented to correlate with standard EEG recordings for distinguishing wake from sleep ([@b3]). The Actillume contains a piezoelectric linear accelerometer that is sensitive to movements of 0.003 g and above, making it sensitive to even small body movements, a photometric transducer (sensitive from \< 0.01 to \> 100 000 lux with measurements roughly log linear from a range below moonlight to the brightest summer day at noon), and a microprocessor and 32 K memory chip for processing and storing data. The Actillume was set to record the activity level every 10 seconds and to store the data as the maximum activity level recorded in one of the previous six 10-second blocks. Ambient light levels were sampled once per minute. At the end of the recording period, the data were downloaded into a desktop computer, edited for Actillume removals (eg, shower times) and data artifacts, and raw data were exported for analyses. Minutes of light exposure over 1000 lux while patients were out of bed was computed for each day and averaged across days of recording.

Procedure
---------

The participants from both studies were recruited from nursing homes. Their legal guardian was contacted to obtain written informed consent and assent was obtained from participants whenever possible. Verbal consent was also obtained from the participant's primary care physician. Medical information was abstracted from nursing-home records. This study was approved by the UCSD Committee on the Protection of Human Subjects.

As part of the larger treatment studies, participants wore the Actillume for 3 days of baseline monitoring, 10 days of treatment, and 5 days of follow-up. Only data from the 3-day baseline period were used for these analyses.

Data analyses
-------------

Rest/activity rhythms were computed from maximum minute-by-minute activity levels measured with the Actillume. Activity data were log transformed because of non-normal distributions. An extension of the traditional cosinor model was used to compute measures of circadian rhythmicity ([@b16]; [@b3]). The extended model computes the standard cosinor parameters used to describe circadian rhythms: the mesor (mean), amplitude (peak), and acrophase (timing of the peak). Two additional parameters are computed: the width of the rhythm at its peak (α) and the steepness of the rise and fall of the curve (β; the curve approaches a square wave as β increases). The traditional cosinor model has been criticized for use with activity data because these data tend to follow more of a square-wave pattern rather than a true sinusoid ([@b33]). The addition of the α and β parameters allows the fitted curve to conform to a true sinusoidal pattern, a square wave, or patterns in between. To test the goodness-of-fit of the extended model, a pseudo-F-statistic was computed ([@b12]). A larger F-statistic suggested a better fit of the model, which was interpreted as overall more robust circadian rhythmicity. Once these analyses were performed, parameter estimates and F-statistics for each subject were retained for further analyses.

The relationships between MMSE score and the rhythm parameters could have been nonlinear, so quadratic and cubic polynomial terms were also included for MMSE. Multi-collinearity of polynomial terms was avoided by using the Gramm-Schmidt orthogonalization procedure ([@b26]). This involved centering MMSE, regressing the polynomial terms on the lower order terms, and then retaining the residuals for use in the analyses. This produced linear, quadratic, and cubic terms that were orthogonal to each other.

To control for the influence of potential confounding variables, several covariates were included in all analyses. Covariates examined were age, sex, ambulatory status, medical burden, use of sedating medications, and bright light exposure. Ambulatory status was a trichotomous variable defined as wheelchair-bound (50.7%), walks with the use of a supportive device such as a walker (16.0%), or ambulatory without assistance (33.3%). Medical burden was computed as the total number of medical diagnoses recorded in each subject's medical chart other than a diagnosis of dementia (mean \[SD\] = 2.4 \[1.7\] diagnoses). Sedating medications were defined as sedative-hypnotics, antihistamines, and tranquilizers. Subjects were assigned a value of 1 if they took any of these medications on a daily basis (52.3%) or 0 if they did not (47.7%). Light exposure was defined as the average minutes of exposure to light over 1000 lux per day (mean \[SD\] = 38.4 \[82.7\] minutes).

The multivariate models described above were repeated in two stages. First, only the effect of MMSE was included (MMSE centered as well as the quadratic and cubic orthogonal polynomials). The covariates were then added to the models. In this way, it could be determined if MMSE score was related to the circadian rhythm parameters both with and without controlling for the effects of the covariates. Normal score transforms (Blom's method) of dependent variables were used throughout.

Rest/activity data were stored once per minute for 3 days, resulting in a possible total of 4320 data points. The degrees of freedom were extremely large; thus, even a very small degree of rhythmicity was likely to be statistically significant. [Figure 2](#fig2){ref-type="fig"} shows a plot of acrophase versus the F-statistic based on maximum activity. Subjects with an F-statistic above the median F of 58 had their acrophases fall within a relatively narrow range around the mean (10 am--5 pm), whereas those with lower F-statistics had acrophases that appeared to be randomly distributed across the 24-hour day. Rhythm parameters based on low F-values may not be very meaningful, even when judged to be statistically significant. Therefore, all analyses were repeated separately for those with less robust (F \< 58) and more robust (F ≥ 58) rhythms, with 75 subjects in each group. Better model fit, as indicated by the F-statistic, was utilized in this manner as an index of the robustness of circadian rhythmicity.

![Scatter plot of the acrophases (timing of the peak of the rhythm) expressed as clock time versus the value of the goodness-of-fit F-statistic. A vertical line indicates the median F-statistic of 58.](ndt0102-155-02){#fig2}

All analyses were repeated using only the subjects with a diagnosis of probable or possible AD (n = 111) to see if there were different results with a more homogeneous sample of patients with AD rather than with a mix of dementia types.

Results
=======

Rhythm parameters
-----------------

The extended cosine model was fitted to the baseline activity data of the subjects. Descriptive statistics of the parameters are given in [Table 1](#tbl1){ref-type="table"}. The extended cosinor model provided a statistically significant fit compared with the traditional cosinor model in all but three cases.

###### 

Parameters obtained from extended cosinor model (n = 150)

  Parameter                     Mean    SD      Minimum   Maximum
  ----------------------------- ------- ------- --------- ---------
  *Based on average activity*                             
  Amplitude                     0.39    0.33    0.04      2.28
  Acrophase (phi)               13:40   5:09    00:06     23:54
  Mesor                         0.82    0.24    0.34      1.70
  Alpha                         −0.06   0.59    −1.0      1.0
  Beta                          550.4   817.9   0.3       3760.4
  F-statistic for model fit     75.7    124.4   2.2       831.8
  *Based on maximum activity*                             
  Amplitude                     0.49    0.38    0.02      2.38
  Acrophase (phi)               14:07   3:40    0:46      23:54
  Mesor                         1.11    0.25    0.41      1.77
  Alpha                         −0.20   0.51    −1.0      1.0
  Beta                          413.7   570.5   0.4       3477.9
  F-statistic for model fit     112.3   148.0   1.78      1129.6

Results for entire study sample
-------------------------------

In models with only MMSE included, there were no statistically significant relationships with the rhythm parameters; ie, dementia level was not related to the rest/activity rhythm. The significant findings for the model, including covariates, are listed in [Table 2](#tbl2){ref-type="table"}. The rhythm parameters were related to several of the covariates, but again, there were no significant relationships with MMSE scores.

###### 

Statistically significant relationships between covariates and circadian rhythm parameters based on multivariate tests in the entire sample; all effects with p \< 0.10 included

  Parameter   Effect                 F                 p       Effect                                     Effect size (Cohen's d)
  ----------- ---------------------- ----------------- ------- ------------------------------------------ -------------------------
  Amplitude   Sedating medications   F(2,139) = 3.27   0.041   Higher for those on sedating medications   0.30
              Medical burden         F(2,139) = 3.02   0.052   Decreased as burden increased              0.29
  Beta        Age                    F(2,139) = 2.95   0.056   Increased as age increased                 0.29
  Acrophase   Sedating medications   F(2,139) = 6.09   0.003   Later for those on sedating medications    0.42
              Minutes \>1000 lux     F(2,139) = 2.86   0.061   Later as light exposure increased          0.29
  Alpha       Sex                    F(2,139) = 4.98   0.008   Higher for men                             0.38
              Age                    F(2,139) = 4.59   0.012   Increased as age increased                 0.36

Results for patients with less robust activity rhythms
------------------------------------------------------

In subjects with less robust rhythms (F \< 58), MMSE was related to the β parameter (F(2,68) = 3.37; p = 0.04) such that less demented subjects had higher values of β (ie, a steeper transition from activity to inactivity and vice versa). The cubic term (MMSE^3^) was significantly related to α (F(2,68) = 6.43; p = 0.003) and the F-statistic (F(2,68) = 5.10; p = 0.009); ie, subjects with an MMSE score of approximately 20 or above had a higher F (more robust rhythm) and lower α (wider peak suggesting more sustained periods of daytime activity). With more severe dementia, both parameters decreased. The α parameter increased again in severely demented subjects, whereas the F-statistic was higher for those in the 5--9 range of MMSE and then fell again for those below that level ([Figure 3](#fig3){ref-type="fig"}).

![Plot of the relationship between Mini-Mental State Examination (MMSE) score and the goodness-of-fit F-statistic. The dashed line indicates the hypothesized relationship, according to which rhythms would remain robust until the more severe stages of dementia. Once neuronal damage passes a critical threshold, there is a rapid decline in rhythmicity. In contrast, the solid line represents the actual relationship observed in those with less robust rhythms.](ndt0102-155-03){#fig3}

Results for patients with more robust activity rhythms
------------------------------------------------------

For subjects with robust rhythmicity (F ≥ 58), the quadratic term of MMSE was related to acrophase (F(2,68) = 3.53; p = 0.035) and the α parameter (F(2,68) = 4.21; p = 0.019). For both parameters, the highest values were for subjects with an MMSE score between approximately 7 and 13. Acrophase was earlier for those with higher MMSE scores ([Figure 4](#fig4){ref-type="fig"}).

![Scatter plot of the relative timing of rhythms (acrophases) versus the dementia severity (Mini-Mental State Examination; MMSE) in subjects whose F-statistic was above the median, indicating more robust rhythms.](ndt0102-155-04){#fig4}

When the models were repeated with the covariates included, all of the effects of MMSE remained statistically significant within this group, regardless of the robustness of the rhythm. However, most of the effects of the covariates seen in the whole sample were no longer statistically significant. Use of sedating medications was related to acrophase (F(2,63) = 7.84; p = 0.001) and amplitude (F(2,63) = 3.65; p = 0.032) in those with less robust rhythms. Regular use of sedating medications was associated with higher amplitude (0.68 vs 0.69) and earlier acrophase (13:42 vs 14:32).

When the analyses were restricted to those with a diagnosis of possible or probable AD, the results were essentially the same (ie, the same variables were statistically significant with similar p-values).

Discussion
==========

Contrary to expectations, sleep/wake circadian rhythm parameters were not associated with MMSE score in the sample as a whole. Relationships emerged only when the sample was divided on the basis of the overall robustness of rest/activity rhythms. In subjects with less robust rhythms, milder dementia was associated with rhythms that had better model fit (higher F), were steeper (higher β), and had wider peaks (lower α). The functional implications of these results are that these patients had more rhythmic patterns of activity, transitioned between inactivity and activity quickly (ie, got up and going more easily), and were able to sustain high periods of activity for longer periods of time during the day. Therefore, although model fit in general was not associated with severity of dementia, among those with less robust rhythms, those with better model fit had less dementia. Among subjects with more robust rhythms, milder dementia was associated with having an earlier rhythm (acrophase) and narrower peak (lower α). This pattern of results raises three issues: (1) Why is there a difference between these groups? (2) What do these results mean for each group? (3) How do these results compare with those of other studies?

Why is there a difference between these groups?
-----------------------------------------------

There was a difference between subjects with less robust rhythms and those with more robust rhythms. As mentioned earlier, it is not clear how large the F-statistic for goodness-of-fit must be before concluding that there is a meaningful rhythm in the data, but statistical significance as the sole criterion may not be useful because of the large number of data points. It is possible that some subjects with low F-statistics do not have a meaningful degree of rhythmicity in their data in spite of statistical significance. Their rhythm parameters may have little meaning. This appears to be the case particularly for the acrophase, as plotted in [Figure 2](#fig2){ref-type="fig"}. By examining the group as a whole, these subjects may be adding random variability that would make it difficult to detect patterns in the data for the rest of the subjects. However, the fact that there were several systematic relationships in the less robust rhythm group suggests that the rhythm parameters are not merely random variation in all subjects with low F-statistics. These data lend support to the hypothesis of [@b25] that there may be distinct subtypes of dementia patients in terms of their circadian rhythms.

It is also important to consider that, once the data were dichotomized on the basis of rhythm robustness, most of the effects of the covariates were no longer statistically significant. It is likely that the grouping variable served as somewhat of a "proxy" indicator of the effects of the covariates, essentially replacing them in the analyses. The two groups of subjects (less vs more robust rhythms) were compared on all covariates using t-tests with no statistically significant differences between groups. It may be that the relationship between the grouping factor of rhythm robustness and the covariates is multidimensional, which would not be detected by simple group comparisons. Whether or not the grouping is related to covariates does not detract from the meaning of the results, but rather serves only as a possible explanation for observed differences between groups.

What do these results mean for each group?
------------------------------------------

Regardless of the source of these differences, it is important to consider their potential clinical meaning. MMSE score was related to various rhythm parameters for both those with less and those with more robust rhythms. As hypothesized, subjects with higher MMSE scores had more robust rhythms overall, although this relationship emerged only for the group with less robust rhythms. As shown in [Figure 3](#fig3){ref-type="fig"}, there was a decrease in the F-statistic during the earlier stages of dementia, which was followed by an increase in some subjects with severe dementia. At the bottom end of the scale of MMSE scores, rhythms once more declined. The initial decline supports the first hypothesis that activity rhythms would decline as dementia severity progressed, but the later resurgence of rhythmicity is surprising. One conjectural explanation for these results is that there are two sources of synchronization of rhythms: the endogenous output by the SCN and entrainment by the environment. Perhaps in the early stages of dementia, there is damage to the SCN that produces a decline in rhythmicity. Once the SCN deteriorates, environmental cues take on a larger role and lead to a resynchronization of circadian rhythms until the end stages of dementia, at which point even environmental cues lose their potency. This hypothesis is supported by the results of the comparisons of rhythm parameters between those with severe dementia and those with mild or moderate dementia. Patients in this study with mild to moderate dementia had an acrophase that was on average 2 hours earlier than that of patients with severe dementia.

The lack of a relationship between the F-statistic and MMSE score for the group with stronger rhythms may be due to different subgroups of dementia. These results show that poor rhythmicity is not a necessary by-product of dementia and that some individuals are able to maintain rest/activity rhythms even in the presence of severe dementia. The different results that have been reported in previous studies may reflect heterogeneity in the manifestation of dementia. The current study was the first to detect such subsamples, probably because of the large sample size compared with prior research. It would be interesting to examine whether these two groups show different patterns of neurodegeneration on post-mortem pathological examinations.

In subjects with more robust rhythms, MMSE score was related to acrophase in a quadratic manner. Subjects with higher MMSE scores had earlier acrophases, as shown in [Figure 4](#fig4){ref-type="fig"}. The relationship is quadratic rather than linear owing to a small return to earlier acrophases for those with very low MMSE scores. It should be noted that those with less severe dementia had rhythms that peaked earlier than the overall mean acrophase of 14.12 hours. At the earlier stages of dementia, subjects were able to maintain what may be a "healthier" acrophase until a particular stage of neurodegeneration. At that point, patients drifted towards a later acrophase, which may reflect an "environmentally driven" acrophase.

The results found with the α and β parameters are somewhat more difficult to interpret. Severity of dementia appears to be related to the steepness and peakedness of the rhythm. A rhythm that is steeper may reflect an individual who is able to transition from sleep to wakefulness, and vice versa, relatively quickly. They are able to "get going" faster than someone with a rhythm that is not as steep. The α parameter may reflect an individual's ability to maintain longer periods of activity or wakefulness during the day. Both of these parameters could be related to overall medical health. The relationship between MMSE score and the α parameters was in opposite directions for those with less robust versus more robust rhythms, which provides further evidence for qualitative differences between these two groups.

How do these results compare with those of other studies?
---------------------------------------------------------

The results of this study are mixed, which reflects the nature of the literature as a whole. Most previous investigations have documented a decline in rest/activity rhythms in dementia. Most of those studies found effects by comparing non-demented older adults to patients with dementia, whereas this study included only demented patients. Another difficulty with comparing these results with those of previous studies is that those studies provided very little descriptive information on the severity and/or type of dementia of their subjects, often referring to their patient population only as demented. The results could be interpreted very differently depending on the severity and type of the patients' dementia. Perhaps this study, which included a broader range of dementia severity than previous studies, is a more accurate depiction of the true relationship between dementia and rest/activity rhythms. The results of the current study were the same when the analyses were restricted to subjects with a diagnosis of probable or possible AD as opposed to all patients with dementia, so it does not appear that heterogeneity of dementia subtype was a factor.

Another possible confounding factor in previous studies was the effect of covariates. In the entire sample, rhythm parameters were significantly associated with sedating medications (amplitude, acrophase), age (α and β parameters), sex (α parameter), medical burden (amplitude), and daily light exposure (acrophase). Most previous studies did not examine these variables, so it is possible that their results were confounded. In the only other study to examine the effects of covariates, [@b32] found that nonparametric measures of rest/activity rhythms were related to the total amount of activity during the day, age of onset of dementia, season of the year, and environmental light exposure. There may be other factors that were not considered in their study, such as other medical or environmental characteristics that might affect rest/activity rhythms and may explain the discrepancies among findings. Of note, the average light exposure of this sample was higher than that reported in other studies of similar samples. Inspection of the data revealed that there was a small group of subjects with high levels of light exposure that were having an inordinate effect on the mean for the group. Overall, most of the subjects had less than 30 minutes of bright light exposure.

In addition, conclusions cannot be drawn about the relative contributions of endogenous and exogenous factors to rest/activity rhythm deterioration. It is unclear if disturbed rhythms are the result of decreased SCN activity, environmental cues, or a combination of both. Rigorous experimental designs, such as the constant routine, should be employed in future studies, although this may prove difficult, if not impossible, with this population.

Lastly, the results obtained in this study may have been affected by the measure of dementia employed. As discussed above, the MMSE is considered to be a useful measure of dementia severity that is quick to administer. Other neuropsychological instruments take much longer to administer but provide more detailed information about specific domains of functioning and have a wider range of scores. In the sample we studied, the MMSE was not sensitive enough to detect subtle differences in cognitive functioning in patients with the most severe dementia (ie, patients with MMSE = 0). Perhaps the relationship between dementia and activity rhythms might have been clearer if a more sensitive measure of dementia had been used. As is always the case in research, practical constraints limit the ability of an investigator to use the most thorough assessments of every variable measured. On the other hand, the MMSE score was a significant predictor of survival: subjects with higher MMSE scores lived longer than those with lower scores, so lack of sensitivity was not an issue for these analyses. Future studies should try to replicate these findings with more extensive neuropsychological tests.

Overall, these results inspire a three-stage model of rest/activity rhythm changes in dementia. At the earlier stages of dementia, in which rest/activity rhythms are generally more robust, the endogenous rhythmic output is at its strongest and patients are able to maintain an acrophase that falls earlier in the day. As dementia progresses, a subset of patients will be able to maintain healthy rhythms. For everyone else the output of the SCN declines, producing a poorer circadian rhythm with a peak that becomes gradually later in the day. Subjects then enter a stage in their dementia in which weaker endogenous output competes with environmental cues, producing disturbed rhythms. As endogenous output declines even further, environmental cues take precedence and rhythms become somewhat more robust, although at a later acrophase, which falls in the mid afternoon.

In conclusion, not all patients with dementia have rest/activity disturbances; nevertheless, rest/activity rhythms do appear to play an important role in dementia. Rhythms do not change in the same manner for all patients as dementia progressively worsens, and having dementia does not necessarily mean that having a rhythm disturbance is inevitable. The potential outcomes of rest/activity rhythm disturbance remain to be examined. It may be possible to provide interventions that maintain patients with dementia at the first stage in this model in which their rhythms remain relatively strong. Future studies are needed to better understand the complex interplay of endogenous and environmental factors in the regulation and decline of rest/activity rhythms in dementia.
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